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(2) Mp2 = Mass of particulate determined
from the ‘‘stabilized’’ phase of the cold
start test, in grams per test phase. (See
§86.110-94(d)(1) for determination.)

(3) Mp3 = Mass of particulate determined
from the ‘‘transient’ phase of the hot
start test, in grams per test phase. (See
§86.110-94(d)(1) for determination.)

(4) Dct = The measured driving distance from
the ‘‘transient’” phase of the cold start
test, in miles.

(5) Ds = The measured driving distance from
the ‘‘stabilized’” phase of the cold start
test, in miles.

(6) Dht = The measured driving distance
from the ‘‘transient’” phase of the hot
start test, in miles.

(7) Mpr = Regeneration emission test

(8) Re = Mass of particulate attributable to
regeneration in grams/mile.

(9) Mprl = Mass of particulate determined,
during a regeneration emission test,
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from the ‘‘transient” phase of the cold
start test in grams per test phase. (See
§86.110-94(d)(1) for determination.)

(10) Mpr2 = Mass of particulate determined,
during a regeneration emission test,
from ‘‘stabilized”” phase of the cold start
test, in grams per test phase. (See
§86.110-94(d)(1) for determination.)

(11) Mpr3 = Mass of particulate determined,
during a regeneration emission test,
from the ‘‘transient’” phase of the hot
start test, in grams per test phase. (See
§86.110-94(d)(1) for determination.)

(c) Fuel Economy Calculations for Gaseous
Fuels Based on the Cold Start CVS-1975 Fed-
eral Test Procedure.

(1) Assume the fuel meets HD-5 specifica-
tions (95% CsHs, 5% nC4H,o, by volume).

(i) Physical constants of Propane and Nor-
mal Butane:

Liquid density (Ib/gal Liquid density of Hd—

Component Mol. Wt. Sp. Gr. @ 60 °F) 5 (Ib/gal @ 60 °F)
CiHs 44.094 0.508 4235 x 095 = 4.0233
nCsHio 58.12 0.584 4.868 x 0.05 = 0.2434
4.2667

(ii) Density of the HD-5 fuel:
(0.95 x 4.235) + (0.05 x 4.868) = 4.267 1b/gal @ 60
°F
(iii) Molecular Weights:
A)

Species Mol. Wt.

12.01115
1.00797
15.9994

28.01055

44.00995
14.6903

* Average ratio of Hydrogen to carbon atoms in HD-5 fuel.

B)

CsHg 8/3 = | 2.666x0.95 (% propane) = |2.533
nCsHio | 10/4 | = | 2.5x0.05 (% Butane) =10.125
2.568

(iv) Weight of Carbon in:
CO = wt. of CO x (12.01115 / 28.01055) = wt CO
% (0.429)
CO, = wt. of CO, x (12.01115 / 44.00995) wt CO,
% (0.273)
CH,6ss = Wt. of CH,ess x (12.01115 / 14.6903) =
wt CHz.6s8 % (0.818)
(v) Wt. of Carbon per gallon of LPG:

wt. of carbon = 4.2667 1bs/gal x 4563.59 gms/lb x
0.818 = 1583 grams C/gal HD-5

(vi) Fuel economy:

grarTls Cleal - = miles/gal
grams C in exhaust/mi
LPG = 1583 gms C/gal
(0.818)(HC) +(0.429)(CO) +(0.273)(CO, )
Where:

HC = CVS HC in grams/mile

CO = CVS CO in grams/mile

CO, = CVS CO; in grams/mile

For gasoline:

= 2421 / ((0.866)(HC) + (0.429)(CO) +
(0.273)(CO»))

For Natural Gas:

= 1635 / ((0.759)(HC) + (0.429)(CO) +
(0.273)(C0O»))

[62 FR 31265, June 6, 1997]

APPENDIX XVII TO PART 86—PROCEDURE
FOR DETERMINING VEHICLE EMISSION
CONTROL TECHNOLOGY CATEGORY/
FUEL REACTIVITY ADJUSTMENT FAC-
TORS FOR LIGHT-DUTY VEHICLES AND
LIGHT LIGHT-DUTY TRUCKS CERTI-
FYING TO THE PROVISIONS OF PART
86, SUBPART R

The following procedure shall be used by
the Administrator to establish the reactivity
adjustment factor for exhaust emissions of
non-methane organic gases (NMOG) and es-
tablish the ‘‘methane reactivity adjustment
factor’ for exhaust methane emissions from
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natural gas vehicles, for the purpose of certi-
fying a vehicle of specific emission control
technology category and fuel for the Na-
tional LEV program provisions of subpart R
of this part.

(a) The Administrator shall determine rep-
resentative speciated NMOG exhaust emis-
sion profiles for light-duty conventional gas-
oline-fueled TLEVs, LEVs, and ULEVs ac-
cording to the following conditions:

(1) All testing will be conducted using a
specified gasoline blend representative of
commercial gasoline and having the speci-
fications listed in §86.1771.

(2) Speciated NMOG profiles shall be ob-
tained from a statistically valid number of
TLEVs, LEVs, and ULEVs.

(3) The speciated NMOG profiles shall iden-
tify and quantify, in units of g/mile or mg/
mile, as many constituents as possible in ac-
cordance with the procedures specified in
Chapter 5 of the California Regulatory Re-
quirements Applicable to the National Low
Emission Vehicle Program (October, 1996).
These procedures are incorporated by ref-
erence (see §86.1).

(b) The ‘‘g ozone potential per mile” of
each NMOG identified in the speciated pro-
file shall be determined by multiplying the
‘“‘g/mile NMOG”’ emission value of the con-
stituent NMOG by its maximum incremental
reactivity in paragraph (j) of this appendix.

(c) The ‘‘total g ozone potential per mile”’
of NMOG exhaust emissions from the vehicle/
fuel system shall be the sum of all the con-
stituent NMOG ‘‘g ozone potential per mile”
values calculated in paragraph (b) of this ap-
pendix.

(d) The ‘‘g ozone potential per g NMOG”’
for the vehicle/fuel system shall be deter-
mined by dividing the ‘‘total g ozone poten-
tial per mile’’ value calculated in paragraph
(c) of this appendix by the ‘‘total g/mile of
NMOG emissions”.

(e) For light-duty candidate vehicle/fuel
systems not powered by conventional gaso-
line, the Administrator shall establish ‘‘re-
activity adjustment factors’ calculated from
exhaust emission profiles derived according
to the same conditions specified in para-
graphs (a)(1) and (a)(2) of this appendix.

(f) The ‘‘g ozone potential per g NMOG”’ for
candidate vehicle/fuel systems not powered
by conventional gasoline shall be determined
according to paragraphs (b), (c¢), and (d) of
this appendix.

(g2)(1) The candidate vehicle/fuel ‘‘reac-
tivity adjustment factor’” shall be deter-
mined by dividing the ‘‘g ozone potential per
g NMOG” calculated in paragraph (f) of this
appendix by the ‘‘g ozone potential per g
NMOG” value for the vehicle in the same
emission control technology category oper-
ated on conventional gasoline. The ‘‘g ozone
potential per g NMOG” values for conven-
tional gasoline vehicles are listed in
§86.1777(b)(5) or shall be established by the
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Administrator pursuant to this appendix.
For candidate vehicle/fuel systems powered
by methanol or liquefied petroleum gas, the
quotient calculated above shall be multiplied
by 1.1. The resulting value shall constitute
the ‘‘reactivity adjustment factor’ for the
methanol or liquefied petroleum gas-powered
vehicle/fuel system.

(2) For candidate vehicle/fuel systems oper-
ating on natural gas, a ‘methane reactivity
adjustment factor’ shall be calculated by di-
viding the maximum incremental reactivity
value for methane given in paragraph (j) of
this appendix by the ‘‘g ozone potential per
g NMOG” value for the vehicle in the same
emission control technology category oper-
ated on conventional gasoline as listed in
§86.1777(b)(5) or established by the Adminis-
trator pursuant to this appendix.

(h) The Administrator shall assign a reac-
tivity adjustment factor unique to a specific
engine family at the request of a vehicle
manufacturer provided that each of the fol-
lowing occurs:

(1)(i) The manufacturer submits speciated
NMOG exhaust emission profiles to the Ad-
ministrator obtained from emission testing a
minimum of four different vehicles rep-
resentative of vehicles that will be certified
in the engine family. The test vehicles shall
include the official emission-data vehicle(s)
for the engine family, and the mileage accu-
mulation of each vehicle shall be at or great-
er than 4000 miles. One speciated profile shall
be submitted for each test vehicle. Emission
levels of each constituent NMOG shall be
measured according to Chapter 5 of the Cali-
fornia Regulatory Requirements Applicable
to the National Low Emission Vehicle Pro-
gram (October, 1996). These procedures are
incorporated by reference (see §86.1). For the
emission-data vehicle(s), the speciated pro-
file(s) shall be obtained from the same test
used to obtain the official exhaust emission
test results for the emission-data vehicle at
the 4,000 mile test point. The manufacturer
shall calculate ‘‘g ozone potential per g
NMOG” values for each speciated NMOG ex-
haust emission profile in accordance with
the procedures specified in paragraphs (b),
(c), and (d) of this appendix. By using these
‘‘g ozone potential per g NMOG’’ values, the
manufacturer shall calculate a ‘‘reactivity
adjustment factor’” for each test vehicle in
accordance with the procedure specified in
paragraph (g) of this appendix. A ‘‘reactivity
adjustment factor’” for the engine family
shall be calculated by taking the arithmetic
mean of the ‘‘reactivity adjustment factor”
obtained for each test vehicle. The 95 percent
upper confidence bound (95% UCB) shall be
calculated according to the equation:
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N 172
Y (RAF, —RAF, )’

95% UCB = RAF, +1.96x| !
(n-1)

Where:

RAF,, = mean ‘‘reactivity adjustment fac-
tor”’ calculated for the engine family.
RAF; = ‘“‘reactivity adjustment factor’ cal-

culated for the i’th test vehicle.
n = number of test vehicles.

(ii) The 95 percent upper confidence bound
of the ‘“‘reactivity adjustment factor’ for the
engine family shall be less than or equal to
115 percent of the engine family ‘‘reactivity
adjustment factor.”

(2) The manufacturer submits an ‘‘ozone
deterioration factor” for the engine family.
To determine the ‘‘ozone deterioration fac-
tor,”” the manufacturer shall perform two
tests at each mileage interval for one or
more durability vehicle(s) tested in accord-
ance with the procedures and conditions
specified in subpart R of this part for calcu-
lating mass deterioration factors. The Ad-
ministrator shall approve the use of other
mileage intervals and procedures if the man-
ufacturer can demonstrate that equivalently
representative ‘‘ozone deterioration factors”
are obtained. One speciated profile shall be
submitted for each test. Emission levels of
each constituent NMOG shall be measured
according to Chapter 5 of the California Reg-
ulatory Requirements Applicable to the Na-
tional Low Emission Vehicle Program (Octo-
ber, 1996). These procedures are incorporated
by reference (see §86.1). A mean g/mi NMOG
mass value and a mean ‘‘g ozone per g
NMOG” value shall be calculated by taking
the arithmetic mean of each measurement
from the speciated profiles. These results
shall be multiplied together to obtain a
mean ‘‘total g ozone potential per mile”’
value at each mileage interval. A mean
‘‘ozone deterioration factor’” shall be cal-
culated in accordance with the procedures in
§86.1777 and this appendix except that the
mean total ‘‘g ozone potential per mile”
value determined at each mileage interval
shall be used in place of measured mass
emissions. If the ‘‘ozone deterioration fac-
tor” is determined to be less than 1.00, the
‘‘ozone deterioration factor’” shall be as-
signed a value of 1.00. The ‘‘ozone deteriora-
tion factor’ shall be multiplied by the prod-
uct of the official exhaust NMOG mass emis-
sion results at the 4000 mile test point and
the mean ‘‘reactivity adjustment factor’ for
the engine family to obtain the NMOG cer-
tification levels used to determine compli-
ance with the NMOG emission standards.

(3) The speciated profiles, mean ‘‘reac-
tivity adjustment factor’” for the engine
family, and ‘‘ozone deterioration factor’ are
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provided to the Administrator with the cer-
tification application for the engine family.

(i) Gasoline meeting the specifications list-
ed in the following tables shall be used to de-
termine the ‘‘g ozone potential per g NMOG”’
of conventional gasoline (the test methods
used for each fuel property shall be the same
as the test method for the identical fuel
property listed in §86.1771):

Fuel property Limit
Sulfur, ppm by weight 300 150
Benzene, volume percent . 1.6 £0.3
Reid vapor pressure, psi .. 8.7 +0.3
Distillation, D-86 degrees F
10% ocrnnee 115-135
50%, MAXIMUM ..oeeririeiieeieeciee e ereesree e 240
90% .ovvnnne 323-333
EP, maximum 420
Hydrocarbon Type, volume percent
Total Aromatics 32 3.0
Multi-substituted alkyl aromatics 21 +3.0
Olefins 12 3.0
Saturates ... remainder

(j) The maximum incremental reactivities
to be used in paragraph (b) of this appendix
are provided in the table in this paragraph
(j). Any manufacturer which intends to use
the table shall submit to the Administrator
a list which provides the specific organic
gases measured by the manufacturer and the
maximum incremental reactivity value as-
signed to each organic gas prior to or with
the submittal of a request for the use of a re-
activity adjustment factor unique to a spe-
cific engine family. The Administrator may
deny such requests if he or she determines
that the maximum incremental reactivity
value assignments are made incorrectly. The
table follows:

MAXIMUM INCREMENTAL REACTIVITY (MIR)
VALUES
[Units: grams ozone/gram organic gas]

CAS# Compound ‘ MIR
Alcohols

00067-56-1 .... | methanol . 0.56

00064—17-5 ... | ethanol ... 1.34

Light End and Mid-Range Hydrocarbons (Listed in
approximate elution order)

methane . 0.0148
00074-85-1 .... | ethene . 7.29
00074-86-2 .... | ethyne .. 0.50
00074-84-0 .... | ethane . 0.25
00115-07-1 .... | propene 9.40
00074-98-6 .... | propane .. 0.48
00463-49-0 .... | 1,2-propadiene .. 10.89
00074-99-7 .... | 1-propyne 4.10
00075-28-5 .... | methylpropane 1.21
00115-11-7 .... | 2-methylpropene ... 5.31
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MAXIMUM INCREMENTAL REACTIVITY (MIR)

VALUES—Continued

[Units: grams ozone/gram organic gas]
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MAXIMUM INCREMENTAL REACTIVITY (MIR)

VALUES—Continued

[Units: grams ozone/gram organic gas]

CAS# Compound MIR CAS# Compound MIR
00106-98-9 .... | 1-butene 8.91 10574-37-5 .... | 2,3-dimethyl-2-pentene 5.53
00106-99-0 1,3-butadiene 10.89 06443-92—-1 ... | cis-2-heptene ......... 5.53
00106-97-8 .... | n-butane ........ 1.02 00108-87-2 .... | methylcyclohexane 1.85
00624-64-6 .... | trans-2-butene .. 9.94 00590-73-8 .... | 2,2-dimethylhexane .. 1.20
00463-82-1 .... | 2,2-dimethylpropane 0.37 00107-40—4 .... | 2,4,4-trimethyl-2-pentene 5.29
00107-00-6 .... | 1-butyne .... 9.24 01640-89-7 .... | ethylcyclopentane ..... 2.31
00590-18-1 cis-2-butene 9.94 00592-13-2 .... | 2,5-dimethylhexane 1.63
00563-45—-1 3-methyl-1-butene 6.22 00589-43-5 .... | 2,4-dimethylhexane .. 1.50
00078-78-4 2-methylbutane . 1.38 00563-16—6 ... | 3,3-dimethylhexane .. 1.20
00503-17-3 2-butyne .... 9.24 00565-75-3 .... | 2,3,4-trimethylpentane . 1.60
00109-67-1 .... | 1-pentene .. 6.22 00560-21—4 .... | 2,3,3-trimethylpentane . 1.20
00563-46-2 .... | 2-methyl-1-butene 4.90 00108-88-3 .... | toluene .. 2.73
00109-66-0 .... | n-pentane ............ 1. 00584-94-1 .... | 2,3-dimethylhexane 1.32
00078-79-5 .... | 2-methyl-1,3-butadiene . 9.08 00592-27-8 .... | 2-methylheptane 0.96
00646-04-8 .... | trans-2-pentene 8.80 00589-53-7 .... | 4-methylheptane ... . 1.20
00558-37-2 .... | 3,3-dimethyl-1-butene 4.42 00589-81-1 .... | 3-methylheptane ..........cccceeueee 0.99
00627-20-3 .... | cis-2-pentene ... 8.80 15890-40-1 .... | (1a,2a,3b) -1,2,3- 1.94
00689-97—4 .... | 1-buten-3-yne ... 9.24 trimethylcyclopentane.

00513-35-9 .... | 2-methyl-2-butene 6.41 00638- -0 ....... cis-1,3-dimethylcyclohexane ...... 1.94
00542-92-7 .... | 1,3-cyclopentadiene ... 7.66 02207- -7 ....... trans-1,4-dimethylcyclohexane ... 1.94
00075-83-2 .... | 2,2-dimethylbutane .. 0.82 03522-94-9 .... | 2,2,5-trimethylhexane . 0.97
00142-29-0 .... | cyclopentene ....... 7.66 00111-66-0 .... | 1-octene ......... 2.69
00691-37-2 .... | 4-methyl-1-pentene . 4.42 14850-23-8 .... | trans-4-octene 5.29
00760-20-3 .... | 3-methyl-1-pentene . 4.42 00111-65-9 .... | n-octane ...... 0.61
00287-92-3 .... | cyclopentane ....... 2.38 13389-42-9 .... | trans-2-octene . 5.29
00079-29-8 .... | 2,3-dimethylbutane .. 1.07 02207-03-6 .... | trans-1,3-dimethylcyclohexane ... 1.94
01634-04-4 .... | 1-methyl-tert-butyl-ether 0.62 07642—- -8 ....... cis-2-octene . 5.29
00691-38-3 .... | 4-methyl-cis-2-pentene 6.69 01069-53-0 .... | 2,3,5-trimethylhexane 1.14
00107-83-5 .... | 2-methylpentane ......... 1.53 02213-23-2 .... | 2,4-dimethylheptane .... . 1.34
00674-76—0 .... | 4-methyl-trans-2-pentene . 6.69 02207-01—4 .... | cis-1,2-dimethylcyclohexane ...... 1.94
00096—-14-0 .... | 3-methylpentane 1.52 01678-91-7 .... | ethylcyclohexane 1.94
00763-29-1 2-methyl-1-pentene . 4.42 00926-82-9 .... | 3,5-dimethylheptane . 1.14
00592-41-6 1-hexene ... 4.42 00100-41-4 .... | ethylbenzene ......... 2.70
00110-54-3 n-hexane 0.98 03074-71-3 .... | 2,3-dimethylheptane . 1.14
13269-52-8 trans-3-hexene . 6.69 00108-38-3 .... | m-&p-xylene ...... 7.64
07642-09-3 cis-3-hexene .. 6.69 02216-34—4 .... | 4-methyloctane 1.14
04050-45-7 trans-2-hexene . 6.69 03221-61-2 .... | 2-methyloctane 1.14
00616-12-6 3-methyl-trans-2-pentene . 6.69 02216-33-3 .... | 3-methyloctane .. 1.14
00625-27-4 2-methyl-2-pentene ... 6.69 00100-42-5 .... | styrene(ethenylbenzene) 2.22
01120-62-3 .... | 3-methylcyclopentene 5.65 00095-47—6 .... | o-xylene ... 6.46
07688-21-3 .... | cis-2-hexene 6.69 00124-11-8 .... | 1-nonene . 2.23
00637-92-3 .... | 1-ethyl-tert-butyl-ether ... 1.98 00111-84-2 .... | n-nonane 0.54
00922-62-3 3-methyl-cis-2-pentene 6.69 00098-82-8 .... | (1-methylethyl)benzene 2.24
00590-35-2 .... | 2,2-dimethylpentane ... 1.40 15869-87-1 .... | 2,2-dimethyloctane ... 1.01
00096-37-7 .... | methylcyclopentane .... 2.82 04032-94-4 .... | 2,4-dimethyloctane ... 1.01
00108-08-7 .... | 2,4-dimethylpentane ... 1.78 00103-65-1 .... | n-propylbenzene 212
00464-06-2 .... | 2,2,3-trimethylbutane .. 1.32 00620-14—4 ... | 1-methyl-3-ethylbenzene 7.20
07385-78-6 .... | 3,4-dimethyl-1-pentene . 3.48 00622-96-8 .... | 1-methyl-4-ethylbenzene 7.20
00693-89-0 .... | 1-methylcyclopentene 7.66 00108-67-8 .... | 1,3,5-trimethylbenzene 10.12
00071-43-2 .... | benzene ............... 0.42 00611-14-3 .... | 1-methyl-2-ethylbenzene 7.20
03404-61-3 3-methyl-1-hexene 3.48 00095-63-6 .... | 1,2,4-trimethylbenzene 8.83
00562-49-2 .... | 3,3-dimethylpentane 0.71 00124-18-5 .... | n-decane .........ccceeeeee 0.47
00110-82-7 .... | cyclohexane .. 1.28 00538-93-2 .... | (2-methylpropyl)benzene 1.87
00591-76—4 .... | 2-methylhexane 1.08 00135-98-8 .... | (1-methylpropyl)benzene 1.89
00565-59-3 .... | 2,3-dimethylpentane 1.51 00535-77-3 .... | 1-methyl-3-(1- 6.45
00110-83-8 .... | cyclohexene 5.67 methylethyl)benzene.

00589-34—4 .... | 3-methylhexane ............ccccc....... 1.40 00526-73-8 .... | 1,2,3-trimethylbenzene ............... 8.85
02532-58-3 cis-1,3-dimethylcyclopentane 2.55 00099-87-6 .... | 1-methyl-4-(1- 6.45
00617-78-7 .... | 3-ethylpentane ..........cccceerruenneee 1.40 methylethyl)benzene.

00822-50—4 .... | trans-1,2-dimethylcyclopentane 1.85 00496-11-7 .... | 2,3-dihydroindene(indan) ........... 1.06
00592-76—7 .... | 1-heptene 3.48 00527-84—4 .... | 1-methyl-2-(1- 6.45
00540-84-1 .... | 2,2,4-trimethylpentane 0.93 methylethyl)benzene.

14686-14-7 .... | trans-3-heptene 5.53 00141-93-5 .... | 1,3-diethylbenzene ... 6.45
00142-82-5 n-heptane .. 0.81 00105-05-5 .... | 1,4-diethylbenzene ... 6.45
02738-19—4 .... | 2-methyl-2-hexene .. 5.53 01074-43-7 .... | 1-methyl-3-n-propylbenzene . 6.45
03899-36-3 .... | 3-methyl-trans-3-hexene 5.53 01074-55-1 .... | 1-methyl-4-n-propylbenzene ...... 6.45
14686-13—6 .... | trans-2-heptene 5.53 00135-01-3 .... | 1,2-diethylbenzene ..................... 6.45
00816-79-5 .... | 3-ethyl-2-pentene 5.53 01074-17-5 .... | 1-methyl-2-n-propylbenzene ...... 6.45
00107-39-1 .... [ 2,4,4-trimethyl-1-pentene 2.69 01758-88-9 .... | 1,4-dimethyl-2-ethylbenzene ...... 9.07
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MAXIMUM INCREMENTAL REACTIVITY (MIR)
VALUES—Continued
[Units: grams ozone/gram organic gas]

CAS# Compound MIR
00874-41-9 .... | 1,3-dimethyl-4-ethylbenzene ...... 9.07
00934-80-5 .... | 1,2-dimethyl-4-ethylbenzene 9.07
02870-04—4 .... | 1,3-dimethyl-2-ethylbenzene 9.07
01120-21—4 .... | n-undecane(hendecane) ..... 0.42
00933-98-2 .... | 1,2-dimethyl-3-ethylbenzene 9.07
00095-93-2 .... | 1,2,4,5-tetramethylbenzene . 9.07
03968-85-2 .... | (2-methylbutyl)benzene ... 1.07
00527-53-7 .... | 1,2,3,5-tetramethylbenzene . 9.07
01074-92-6 .... | 1-(1,1-dimethylethyl)-2- 5.84

methylbenzene.
00488-23-3 .... | 1,2,3,4-tetramethylbenzene . 9.07
00538-68-1 .... | n-pentylbenzene ...........c.ccccoeueeee 1.70
00098-19-1 ... | 1-(1,1-dimethylethyl)-3,5- 7.50
DMbenzene.
00091-20-3 .... | naphthalene ... 1.18
00112-40-3 .... | n-dodecane ... 0.38
Carbonyl Compounds
00050-00-0 .... | formaldehyde ..... 7.15
00075-07-0 .... | acetaldehyde . 5.52
00107-02-8 .... | acrolein ... 6.77
00067-64-1 .... | acetone ... 0.56
00123-33-6 .... | propionaldehyde 6.53
00123-72-8 .... | butyraldehyde ... 5.26
00066—25-1 .... | hexanaldehyde 3.79
00100-52-7 .... | benzaldehyde .... -0.55
00078-93-3 .... | methyl ethyl 1.18
none).
00078-85-3 .... | methacrolein 6.77
04170-30-3 .... | crotonaldehyde .. 5.42
00110-62-3 .... | valeraldehyde 4.41
00620-23-5 .... | m-tolualdehyde .. -0.55

[62 FR 31266, June 6, 1997]

APPENDIX XVIII TO PART 86—STATIS-
TICAL OUTLIER IDENTIFICATION PRO-
CEDURE FOR LIGHT-DUTY VEHICLES
AND LIGHT LIGHT-DUTY TRUCKS
CERTIFYING TO THE PROVISIONS OF
PART 86, SUBPART R

Residual normal deviates to indicate
outliers are used routinely and usefully in
analyzing regression data, but suffer theo-
retical deficiencies if statistical significance
tests are required. Consequently, the proce-
dure for testing for outliers outlined by
Snedecor and Cochran, 6th ed., Statistical
Methods, PP. 157-158, will be used. The meth-
od will be described generally, then by appro-
priate formulae, and finally a numerical ex-
ample will be given.

(a) Linearity is assumed (as in the rest of
the deterioration factor calculation proce-
dure), and each contaminant is treated sepa-
rately. The procedure is as follows:

(1) Calculate the deterioration factor re-
gression as usual, and determine the largest
residual in absolute value. Then recalculate
the regression with the suspected outlier
omitted. From the new regression line cal-
culate the residual at the deleted point, de-

40 CFR Ch. | (7-1-13 Edition)

noted as (y; — yi). Obtain a statistic by di-
viding (yi — yi) by the square root of the es-
timated variance of (y; — yi). Find the tailed
probability, p, from the t-distribution cor-
responding to the quotient (double-tailed),
with n-3 degrees of freedom, with n the origi-
nal sample size.

(2) This probability, p, assumes the sus-
pected outlier is randomly selected, which is
not true. Therefore, the outlier will be re-
jected only if 1 — (1-p)» < 0.05.

(3) The procedure will be repeated for each
contaminant individually until the above
procedure indicates no outliers are present.

(4) When an outlier is found, the vehicle
test-log will be examined. If an unusual vehi-
cle malfunction is indicated, data for all con-
taminants at that test-point will be rejected;
otherwise, only the identified outlier will be
omitted in calculating the deterioration fac-
tor.

(b) Procedure for the calculation of the t-
Statistic for Deterioration Data Outlier
Test.

(1) Given a set of n points, (X1, ¥1), (X2. ¥2)
* XX (X, Yo)-

Where:

X; is the mileage of the ith data point.
Vi is the emission of the ith data point.
Assume model:

y=a+px-—-X +e

(2)(1) Calculate the regression line.
y=a+bx -X)

(ii) Suppose the absolute value of the itk
residual
(yi — ¥i) is the largest.

(3)(1) Calculate the regression line with the
ith point deleted.

y=a +b((x - X)
(ii)

((yi _}A"i)

\“e“vér (yi —}71)

Lett=

Where:

Vv, is the observed suspected outlier.
¥v’i is the predicted value with the suspected
outlier deleted.

(x; _X)2

vér(yi—gl‘i)=Sz 1+ ! +—

n-1 Z(X—if

J=1

Lj#1

(x 1is calculated without the
outlier)

suspected
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